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MR. O'DONNELL: We don't have a firm schedule for all the ‘
subsequent briefings; however, the next one in this series w11l
betwo weeks from today on Wednesday, Sept. 24, 1 p.m. Central
time, 2 p.m. Eastern, at the Johnson Space Center. The topic of
that discussion will be "Onboard Data Processing in the New Gen-
eration of Piloted Spacecraft."™ Subsequent briefings will be
here at NASA Headquarters and at the three centers: Kennedy,
Marshall and Johnson. Coming in today you should have received
three handouts: a single-page status report on the Shuttle
activities to date -- what the status of Columbia at the Cape.
You should also have a set of printed copies of the vugraphs of
which you will be seeing here today.

In the back of the auditorium there is a stack of brown
envelopes; if you will self-address these and leave them with us
we will make sure you receive a copy of the printed transcript of
this briefing. We hope to have that in a few days.

This particular briefing is being piped in via a two-way
hookup between here, Kennedy, Johnson, Marshall and the Dryden
Center. Also, people at other locations are able to listen in
and monitor only. However, we will be able to take questions
from the four centers I mentioned. For kickoff of today's
briefing we have NASA Administrator Dr. Robert A. Frosch, who
will he followed by the Associate Administrator for Space Trans- ‘

—

portation Systems, John Yardley. Following these two presen-
tations, we will open the floor to questions. Thank you. Dr.
Frosch,

DR. FROSCH: ‘Thank you all for coming. This briefing is
intended to be generally background informative so that as the
next series of events in the beginnings of the use of the Space
Transportation System occur, you'll have had a chance to have as
much background as possible. I suggested as I came in that as I
looked around the room there were two or three people here at
least who probably should have been asked to give the briefing
since they write so authoritatively on the subject, and generally
correctly. What I will try to do is give a general overview of
the Space Transportation System ~-- how it's intended to operate
and why we are building it; then John will go into considerably
more detail, particularly about :the Orbiter, the launch and the
landing systems themselves. The emphasis is that in fact what we
are building is a system intended to do a collection of things.
Most of the attention has focused on particular parts of the
system -- mostly on the Orbiter. But it is important to note
that it is intended to operate as a coherent collection of
objects in space and objects on the ground to do a set of tasks
-- it is the total operatian of the system which is the important
thing that we have to focus on. The individual problems and the
individual developments all have to be viewed in the context of ‘

AS

the way in which they contribute to a total operation. So I will
be at least mentioning a number of things that we consider part
of the system although they have not always been treated tightly
together as part of the system.
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The first slide indicates some, but again not all, of the
Principal pieces that are involved -- the central crewed piece of
the system, the Orbiter itself, together with the fuel tank for
its main engines and the two solid rocket boosters that consti-
tute the launch system, with the Shuttle ending up as the general
purpose spacecraft and the reentry and landing vehicle and other
pieces of the system that are intended for other purposes in the
Shuttle; the system of things which is called Spacelab both
manned and unmanned portions that fit into the bay of the Shuttle
for experimental and developmental work; the inertial upper
stage; and the solid spinning upper stages, A and D, which are
the first set of upper stages intended for the boost of payloads
from Orbiter orbits to other orbits including geostationary. And
there will be later in the program other upper stages which will
be used for these purposes. These constitute the principal
pieces of space and launch hardware that go with this system.

The next pair of slides indicates some of the other »ortions
of the system -- this indicates principally the major U.S. ground
gsites that are involved in the operation of the system: the two
launch and landing operational sites, Kennedy Space Center, prin-
cipally for eastward launches and to, come in at a later date,
the Vandenburg Air Force Base which will be used principally for
north-south launches and landings from those orbits; and the
Dryden Flight Research Center co-located with Edwards Air Force
Base in California which will be used as the initial landing base
for the first flight or so and will continue to be an emergency
tranding base, 1Its advantage, of course, is Edwards' dry lakebed
wh.oo provides a seven-mile landing runway for the first test
flights., The Johnson Space Center is, of course, the responsible
NASA center for the system development and will be the mission
control center for NASA flights and initially the sight of mis-
sion control center for DOD flights. The Marshall Space Flight
Center has the responsibility for the propulsion systems and will
function during operations principally as backup in providing
information and helping with any anomalies and problems with the
propulsion systems. The White Sands Missile Range location is
the ground station for the Tracking and Data Relay Satellite -~
System (TDRSS) which will be an early payload put up by Shuttle
and which will be used for the relay of data and communications
from essentially all of our Shuttle-~launched low Earth and high
Earth payloads and for the Shuttle data itself gradually replac-
ing the principal elements of the ground system, the current
ground tracking and data system. So we consider TDRSS as part of
the overall shift into the Space Transportation System and the
White Sands Missile Range is thus a part of that. If I've got
enough string I can come over here.

This next slide lists the principal elements some of which
I've already indicated: the Shuttle system which is the Orbiter,
the tank, the solid rocket booster, the engines which are in the
Orbiter and the various ground and launch systems that go with
it; the upper stages of which there are three currently prepared,
(there will be future upper stages); Spacelab which has the
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pressurized module which may be crewed and pallet segments for .
carrying instruments that can be operated either from the cabin
of the Orbiter or from the Spacelab crewed module; the Tracking
and Data Relay System and finally, a number of augmentation
systems that we have begun toc develop to build around the initial
capabilites of the system, both to bring it up to full capability
and to go beyond that. Two of these involve providing additional
electric power partly for a longer stay in space and partly for
increased capability for experiments and the like. This is a
particular version of an additional thrust module which would
give us additional weight-carrying capability. Finally, we're
looking at other systems involving large structural construction,
and so on that would embroider around the basic capability to
give us a more capable system. The next slide please.

This, of course, shows the 101, the Enterprise, on the
mobile launch platform on the crawler in launch configuration
approaching its position on the pad -- again the liquid oxygen-
liquid hydrogen fuel tank, the solid rocket boosters, the Orbiter
itself and the main enginés. It is to be launched from the mobile
launch platform as was Apollo. These are, in fact, the Apollo
launch platforms extensively modified for this purpose.

The next slide gives a recap and a projection of the ™
milestone schedule and history of the system. The authority to
proceed started in 1972. We did the assembly and work on Orbiter.
101 and the first captive flight and landing tests in ‘77 and
'78, we have been assembling 102 and expect it to roll out in
November of this year (1980) and expect first manned orbital
fiight by the end of March of next year with an initial opera-
tional capability after test flights at the end of '82, with the
next Orbiters coming in '82, '83 and '84 with the first vanden-
berg launch to come in '84, So that it will be the end of '84 or
the beginning of '85 before we have all of the elements of the
system -- four orbiters, both launch sites, etc. ~-- available for
a full operating system. It will come into being as we can build
it. That's the outline of the structure of the system. Now I'd
like to go back and talk a little bit about the rationale for the
system, the objectives and what it is we hope to do. Next slide
please.

This has been the continuing statement of the objective,
that is to provide a national system for space transportation
which has features of economy and which, perhaps more import-
antly, has features of flexibility and capability that we do not
now have available and have never had available. These objec-
tives are to be achieved through reusability and reliability,
through the fact that the system has some characteristics of

versatility and flexibility, and a potential for being built on -
and built around to become more flexible and more capable to

bring a new case of economic economy and efficiency into an ‘
operating launch system as oppos@d to a research and development

system. This is a general recap of uses most of which I think
are familiar. It is a delivery and placement system but
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importantly, for the first time, it will be a system capable of
work on other systems in space, and of retrieval of systems from
low Earth orbit from space, so that they can be brought back and
gerviced, experimented with and returned to space. It will, of
course, serve as transit for laboratories and short-duration
payloads and provide what we think is a safe and comfortable
environment for those who go to work in space. The operations
incorporate many things that we now do exclusively with free
fliers unmanned, but the principal point is that we will be able
to do things now with the intervention of people on the spot in
an experimental way. We will be able to test and work with
instruments without necessarily surrounding them with the design
of a full spacecraft and we will be able to test out ideas, we
hope, when we get operating on a relatively short-term, rela-
tively economical basis before we go into unmanned operation. In
addition, we can, of course, build up the whole set of capabil-
ities of human operations in space about which we know relatively
little but have lots of ideas.

Let me continue with this line of discussion with the next
slide which essentially discusses the virtues of this kind of
system. Of course, the first is a reduction in cost and I'll come
back to a sample comment on that, the flexibility which I've men-
tioned, this can deal with heavier and larger payloads than we
have been used to and, because of the flexibility of operation it
gives us an opportunity to do something that we have not been
able to do very well, if at all, before -- the capability to
bring up several objects in sequence. Because we have the people
there to assemble larger complexes in space than we have been
able wocrk with before as well as to construct things in space and
those are important new capabilities that will require a good
deal of experimentation before we really know how to use them.

This (slide) lists some of the items I have already men-
tioned and the fact that it is a crewed system, that it has
accommodation for up to seven people means that a good deal of
work can be done not only by very specially trained people, but
that people with scientific and engineering specialties were
needed for those specialties who may have minimal training in
space operations, and finally a system with enough flexibility so
that we can build around it and on it for future uses. Some of
the capabilities include the baseline capability of seven days
with four people and with the addition of fuel kits, up to 30
days with up to seven people and making the most of that involves
some power extension capabilities that I mentioned earlier,
mission stations for commander or pilot, mission specialist and
up to four payload specialists. The commander and pilot are self
explanatory, mission specialist are astronauts who have scien-
tific, engineering and other technical specialties, will attend
to the operation of the systems and the systems support, to
payloads in a generic way and will also be themselves experi-
menting scientists and engineers. Payload specialists are the
particular specialists in scientific and engineering fields who
are needed because their specialties are likely to go beyond
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those the astronaut corps could conveniently have but would not .
be fully trained in all the capabilities of an astronaut but have
enough training to safely go on a flight. The provisions are
shirtsleeve normal atmosphere with controlled environment, good

food arrangement, general hygiene facilities, relatively low
acceleration for this purpose, the capability for spacesuit
operations for payload support and for emergencies. So generally

as close to an aircraft kind of environment as seems feasible at

the current state of the technology.

The next slide gives a sample of which there should be a --
I think we're out of order, but maybe I've missed something. I
thought there was a launch cost comparison coming up next. Number
9, there that's the one I was expecting. This is a sample of
what the economics appears to be, we have put it in '78 dollars
because we have the data in that way. It compares a particular
case, a case of a Delta class payload -- that is the kind of
payload that could be launched on a Delta expendable launch
vehicle -- what it costs to buy and do the launch on that vehicle
in '78 dollars, what our projected costs for that payload with
Shuttle would be, and that has a dual capability, it depends some
what on the way in which the payload can be arranged in the
payload bay. We charge by the length of payload bay used or by
the weight used for Delta class payloads, the governing factor is
generally going be the length of payload bay, so it depends on
whether the cargo can be put in a vertical position where it .
takes minimum length of payload bay or whether its got be
inclined or layed down for some reason connected with the cargo,
that varies the cost some what.

MR. HINES: (Bill Hines, Ch1cago Sun-Times) This is not the
all- -up cost of a Shuttle launch, but only the cost of launching
the weight comparable ...

DR. FROSCH: That's right. That's right. Because normally,
for those who may not have heard the question, the point was that
this is not the cost of an all-up Shuttle launch -- this is what
it would cost to launch a payload comparable to a Delta class
payload. That's correct. And that is, in fact, how the pricing
policy goes unless there is a special reason -- a partial payload
would not have to pay for entire launch cost. So that that is an
important point which has sometimes been left out of considera-
tion in discussing the economics of the matter to the actual
customer.

The next slide, if it's the right one, gives a perhaps
somewhat over-graphic comment on the nature of the size of the
payload bay which 15 feet in diameter by 60 feet long and can
take 65,000 pounds into a 150-mile generally eastward trending ~
orbit and the picture shows one of those double-length trailers
that occasionally terrifies me on the highway. That's to fix a .
size which is comparable to the cargo size and weight.

The next slide ~-- now's where I'd like the mission profile
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one -- I think they're out of order; see if you've got the
mission profile one for me. Okay, thank you. This is to show
you what the total mission profile is intended to be and will
serve me as an introduction to some of the things John Yardley
will comment further about. The system is set up, and this is
done terms of the Kennedy flow, and I will start with prelaunch,
and there the orbiter wiill start from the Orbiter Processing
Facility where it has been taken care of after its previous
flight, and readied for a next flight. It will then have been
moved into the Vehicle Assembly Building where it will have been
put into a vertical position and mated with the fuel tank and
with the solid rocket boosters on the mobile launch pad. The
entire thing being then taken by the crawler out to the launch
pad. The payloads may have been put into the cargo bay at any of
these stages, but can be put into the cargo bay at the launch pad
just prior to launch. The fueling of the cryogenic liquid fuels
-- the liquid oxygen and liquié hydrogen ~- are done at the
launch pad. It is then launched with solid rocket boosters and
liquid engines firing; the solid rocket boosters are staged and
dropped after minutes when they are burned out. They splash down
a couple of hundred miles down range, are picked up and returned
to launch site because those cases and the hardware that goes
with them are cleaned out, refilled with propellant and reused.
At apogee but before orbit insertion the orbiter separates from
the nearly empty fuel tank and the fuel tank which is the one
complete throw-away element of hardware, is then spun falls back
on a trajectory which whether the launch is east-west or north-
south ends it up in the Indian Ocean. The orbital maneuvering
system is then used for orbital insertion and the orbiter now
operates a8 a spacecraft in low Earth orbit up to several hundred
miles altitude, can change inclination and orbit within the
limitations of its maneuvering fuel, and can do a whole series of
launch retrieval and experimental operations. At the end of its
time in orbit, it de-orbits with an orbital maneuvering system
burn and then becomes successively a reentry vehicle going
through the period of high frictional heating which is what
principally slows it down from its orbital velocity and the
period of communications blackout that goes with that; it emerges
from that period as an extreme hypersonic glider under control,
then becomes a supersonic glider and subsonic glider, finally
coming into a terminal phase and landing on a standard runway.
The one at Kennedy is about double width and long but it can land
on a standard international major class runway as a rather fast
glider of a couple hundred knots landing speed. To foreshadow
one comment (one thing that John will deal with in somewhat
greater depth), one of the major challenges in the system is to
build an object which can be a launch vehicle, a crewed space-
craft, a reentry body and then a glider which will function under
control hypersonically, supersonically and subsonically. I think
it is worth the comment that no full-scale vehicle has been built
and flown througn that set of regimes,

This has bezn done with sub-scale models in various regimes,
its been done in the wind tunnel, but no aircraft of this size -~
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it's about the size of a DC-9 -- have ever beev- operated through
that broad set of regimes.

Then we come, finally to the last two sliaces which simply
will note for you that, as with any experimental system, we will
be starting out with something less than our full capability.
The first Orbiter is somewhat heavier than originally planned,
and the tanks and solid rockets are somewhat heavier than they
need to be with the engines at 100 percent power (what we call
the fall power level as opposed to the rated power level) are
slightly derated from what we expected originally and how that
came to be 100 percent, 1 don't know. Someone here may know what
the history of the 100 and 109 percent, it isn't clear to me why
the 100 percent isn't 90, not 97 percent and the other was 100
percent, but at any rate it has come out that way. So we start
out with 100 percent rated engines. The fact that there are two
numbers here merely designates the first number is the number,
the percent of power that we would proposed to be certified to
operate the engine for throughout the launch; the second number
is the percent of power that we would be certified to operate the
engine for in case of an abort -- that is in case of some emer-
gency that took special engine power. So the significance of
these is that we will start out with the engines rated at 100
percent -- whether it's for standard launch or for an emer-
gency. We will then move up to a period where the engines will
be rated for 102 percent for flight, but certified to the point
where, if we had a flight emergency that required an abort, we
would then feel comfortable with going to 109 percent for that
purpose and then to a period later where we'll get to confidence
in the engines of 109 percent. The other steps in this increas-
ing payload capability Eastern Test Range with the conditions
noted on the chart and generally an easterly inclination, the
second orbiter will be lighter than the first orbiter and
therefore capable of a higher cargo payload. The external tank,
we have plans to remove a considerable amount of weight without
changing its capability, that is an increasing one. The first
flights have ejection seats. That is a weight penalty which will
go away when we are through with the early test flights. There
are some improvements in the solid rocket motors and then the
iater orbiters will be sufficiently lighter so that we will get
to the full capability.

And the last chart shows the same kind of stairstep buildup
for Western Test Range generally north-south flights, same noted
conditions and there the principal improvements will be the
coming in of orbiters 103 and 104, which are lighter weight.
There's also an indication there of the kind of performance that
could be achieved there on the west coast of thrust augmentation,
whether it's a liquid boost module or solid module or engine
improvement would get us beyond the payload requirement. We
cannot get the same improvements on the East Coast because we are
much closer at the end of this set of improvements to the basic
weight-carrying capability of the Orbiter itself. It's not just
the total thrust we can provide that limits the total weight --
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it is what the structural strength of the Orbiter is in carrying
weight and that is in the end limited by the amount of weight
that {t might have to carry if we brought a payload back so that
it is limited by the total capability of the Orbiter to land and
take the landing stresses with a given weight and that's what
puts the ultimate limit on weight carrying. Actually, it turns
out, if one looks at the manifest that we have, we are in many
more cases volume limited than weight limited. Most of the time
it is fitting in the various packages that limits what you can do
on a particular flight rather than total all-up weight. There
are a few cases of DOD payloads and of NASA, particularly
planetary exploration payloads, that really push the weight-
carrying capability, but most of the time it is likely to be
space rather than weight which is limiting.

Those are the principal introductory points that I wanted to
make. In summary, it is a system rather than individual parts
that ought to be concentrated on; the drive is for flexibility
and a system that we can build upon, as well as for economic use
in doing the things we can already do and it is, as I think I've
indicated, a rather complex system and we hope to give you a
clearer idea of what the various parts, complexities and
difficulties are in the course of this and further briefings.
with that I will turn this over to John Yardley to go into more
detail.

MR. YARDLEY: I hope everybody understood Dr. Frosch when he
saild crewed; he meant c¢c-r-e-w-e-d -- I don't like him calling my
Shuttle crude, c-r-u-d-e. (Laughter) PFirst chart please. 1In
the iength of time we have I certainly can't go into a lot of
detail on the technical.... technological innovations of the
Shuttle, but I want to show you some illustrations and you will
be getting more detail in subsequent briefings at the centers.
First of all, the introduction to the Shuttle vehicle, Dr. Frosch
has done a pretty good job of mentioning what the major elements
are; I though we ought to call out some of the major
contractors: Rocketdyne on the engine, Rockwell on the orbiter,
Martin on the tank, and Thiokol on the booster, or actually
motors. The chart on the right shows a picture of Orbiter 102 in
the Orbiter Processing Facility at Kennedy, shortly after its
arrival, which was over a year ago, its -~ we're using this
picture because it's one of the pictures we've got without all
the workstands around it, so you can see something. Next chart
please.

Leading off with the structure of the orbiter just to give
you a feel for some of the things that are different about this
machine and that were felt necessary to do this mission, we see
things like titanium/boron, composite thrust structures which are
light but are pashing the state of the art. 1In general, though
the structure was chosen for its simplicity; it's aluminum
because that's light. We decided early on that we had to
insulate the structure whether it was alumnium or titanium or
steel because the temperatures we were going to see were way too
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high. So it turns out that under those condizigns aluminum, its .
easy to work and cheap, was the most economical zlso weight

wise. We used a lot of composites in other places, which I'll

touch on in some of the more detailed charts. Next chart please.

Payload bay doors are very large as you can see -- they're
covering up those twin trailers of Dr. Frosch's. These are very
light also. These doors, of course, have to open and close
reliably, but more than that they carry the torque of the
fuselage structure. They are designed so they will not pick up
the bending, but without the doors carrying the torque we have a
very flimsy fuselage. These doors are graphite epoxy and, I
think, they're the largest pieces of structure ever built out of
graphite epoxy. So they save us about 900 pounds, it would have
been about 3,000 pounds, without this, with the aluminum design
we had originally. The doors are split into five sections each,
and have slip joints between them so that they can't carry either
the bending loads or build up thermal stresses in themselves.
Next charts please. (Inaudible) Oh, here's a picture of the
door, yeah. One section of the payload bay door in the test
picture. Next chart please.

Now I'm sure most of you have heard of the thermal protec-
tion system. It is, I'd have to say, all new in terms of having
ever been used in a flight article, either this particular one or
this type. In previous programs where we had reentry require-
ments we used either heat sinks or ablators. Nobody had really
invented a type of insulation that could do the job. Some people
question whether we have invented it yet, too, because we had a
lot of problems with it. The need for this though is evident,
obvious because we want to reuse and you can't reuse an
ablator. An ablator burns up as it protects you, so you have to
replace it. Well this is a large vehicle and replacing its heat
protection every flight would have been unworkable with respect
to an operational vehicle. So we came up with various ways of
solving this problem which are new and which we've been in eight
years of development and which we think now we've got well under
control. On the hottest parts, that is the wing leading edge and
the nose cap, we use what we call carbon carbon. It's pyrolized
carbon and the big problem with that was to get it so it would
not oxidize too rapidly. Vought has developed that for us. It's
been fully qualified; we've had very little problems with it,
Right now we think we've got somewhere between a 40 and 50 flight
capability on those parts. We were shooting for a 100, but it
looks like that's not quite at the state of the art yet. The
ones we've been having more trouble with are the tiles, which are
manufactured by Lockheed -- and I don't want to infer that
Lockheed is a problem here -- because it's really been the tile
assembly and installation that's been our primary problem in the
last year or two. The tiles have been okay. These are very
light -- nine pounds per cubic foot. Your average tile weighs
less than half a pound. They are very good insulators and we .
have developed coatings that will let them withstand the surface
temperature of 2,600 degrees, and on the heavier tiles these are
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2,800, and keep the structure, the alumnimum structure under-
neath, below 350 degrees. So on the thermal side they're very
good. They do have some undesirable characteristics, They are
ceramic and very brittle and are not very strong and the.
development of an installation system -~ could I have the next
slide please ~-- to solve that problem has been quite laborious.

This shows an iilustration of how we attach a tile. We
actually have to treat the inner surface of the tile with a pro-
cess that makes it much stronger at the inner surface which we
call densification. We have different coats of RT™W; we have a
felt underneath there called Nomex, and different adhesives and
primers under that. Now all of these steps have to be very
carefully controlled because the strength of the tile is very
important to us. 1If a tile comes loose it could be a bad day.
So we're taking extreme precautions to make sure no tiles come
loose. We're proof-testing every tile, every joint to loads
which are quite conservative to make sure that these tiles are
adeguate. We feel that we're over the hill on this and we expect
to have all the tiles on by mid-~-November.

Now in addition to the -- could I have the chart on the
right, the previous one back for a minute please. In addition to
the black high-temperature tiles, we use the same tiles only with
a white coating on them, these are generally thinner and we use
those in lower temperature regions. Generally you'll see them
where it says LRSI, along the sides and on the sides of the fin,
places that don't get over 1,200 degrees. The reason we make
them white is that's a better thermal characteristic in orbit.
The black is necessary for emittance during entry where the
temperatures are quite high. But these tiles still have the same
problems as the black tiles in terms of their limited strength,
their ceramic brittle character and they have to be treated
essentially the same way. The difference is, one of these tiles
coming off is not felt to be a real catostrophic type of
occurrence if you have some repairs to make. Then in lower
temperature regions, below 800, we find that felt that we put
underneath these other tiles is adequate in itself with the
proper white RTV coating on it, to withstand the, to insulate the
structure and keep it below 300 degrees. And that's what you see
on the top of the payload bay door and on the side of the OMS pod
on the rear side of the orbiter. Next slides please.

Okay, going on into another of our subsystems, the orbital
maneuvering system, basically this is a reusable propulsion
system in itself that is good for a 100-mission life, reusable.
There are a few innovative things in this and 1'd like to call to
your attention. In the engine they've developed a new platelet
concept of building the injector which gives us high performance
and ease of fabrication and good tolerance control. You might
say its analogous to printed circuits and ejectors. They
developed acoustic cavities to control the combustion stability
and were able to get by without baffles. And they're regenera-
tively cooling the thrust chamber which is not anything real
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new, Now on the OMS structure, the pod itself the =truct.
aiso graphite epoxy and that's saved about 500 pounés. On
innovation for NASA is the use of acquisition screens in o
propellant tanks on orbit. Previously, we've always usea
bladders for the zero-G operations of our propulsion svstems.
Biadders have a lot of drawbacks. We've never really gotten
biadders that could stand more than a few cycies, so it would
have been a maintenance problem. So this is pushiag the stace of
the art; all of our tanks have these kinds of screens. They are
screens that are fine mesh screens that when they're wetr thev
will let fluid pass through them but not let the pressure and gas
pass through them. And they essentially collect and feeé zero-G
through surface tension phenomena, collect and feed the feed line
out of the tank. They're arrange in various fashions depending
on the tank geometry. Some of the vital statistics here, we do
nave a 6,000-pound thrust on the OMS engine. It normally will
be, well its felt to be, the capability is normally about 1,000
feet per second. We had in the program, but not completed vet,
what we call payload bay kits which are additional OMS tankage
that we can put in the payload bay and feed the system s¢ :that
tnis can go as high as 2,500 feet per second for a lot of orbital
maneuvering capability if you so desire. Our first planned uasage
of that capability will be to boost the Space Telescope to its
operating orbit. Next chart please.
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Another item that's new that we have to depend on, the life
and death dependency that has never really been used in that
fashion before, and that is the hydrazine auxiliary power uanit.
We power our control surfaces, our engines gimballing, engine
valves, the landing gear and so forth, with hydraulic power. Now
airplanes, of course, have used hydraulic power for years and
that's pretty well-developed technology. They drive them from
engine-driven pumps and unfortunately, during our entry, which 1is
a major requirement, we don't have any engines going. So we have
to put engines in which are these auxiliary power units to drive
hydraulic pumps. This has been quite a development. We have now
gualified our APUs for about 20 hours of operation. That will
get you maybe 15 to 20 flights, but we really are hoping to do
better. 1It's fairly efficient in terms of weight -- it develops
about 150 horsepower for a 92-pound weight. 1It's cooled by the
gas generator exhaust, the gas generator is cooled by the turbine
exhaust, which is an unusual way to do it. Zero-G gravity, zero-
G loop system was necessary to develop because obviously it works
in zero-G, for the early part of entry at least.

You can see we carry three of them, we have three hydraulic sys-
tems, the unit is shown here close-up and we have three on the
aft side of the payload bay rear bulkhead. Next slide please.

The main propulsion system is another one that has
represented quite a challenge for a number of reasons. This
siide shows it sort of as a lump in the aft fuselage. The whole
orbiter aft fuselage is almost dedicated to the plumbing, valving
and so on. The three major liquid engines, and this little
schematic shows that these three engines through the plumbing in
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tae aft fuselage of the orbiter are fed by tne external tank. we
nad a lot of different prcblems in this system -- next slide
pte~ase -- that had to be solved. Some of crne new things, the
engine itself was by far the largest tec.zical challence in the
propulsion system and ranks right up these with tae TPS in terms
of difficulty and advancemenrt in the state of cne art. ULong life
and reusabhility is a requirement that no liguid rocket engine has
ever had to have before. 1If you were sure they'd last for the
one flight that was good erough. We have set us a target of 55
flights for the basic engirne. Throttling is another one that has
not been done, not bheen common at least, in major oCket engines.
we a.so need -- well lec me answer Dr. Frosch's guestion about
now cid it get to oe 109 percent. Orig;nalxy this engine was
taGusht to be developec for a 100 percent noral cperation ana
.u% percent abort. Anc¢ the first year or so of engine dcvelop—
ment went that way and they found out that as they were doing
taat, well, they were really designing everyching Zor 205

anyhow. About that time the program weight was not guite like
they'd like 1t, so they decided they would just make it ¢odc for
tne full power level for cthe full time. So that's how
that way and it's bpeen that way for about sevea cr &ic
The significance only has, the difference between these
significance in the fact that those were a couple of I
couilc nhave made this 110 or so forthn. We have to ¢
to anout 65 percent in order co Xeep our mission p
aynaimic pressures under control -- :thag :
aou meen usual for liquid rocket engin
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Now here's one that realiy was
velope requirement. You can S
ihreee engines on the pack end :3
pody you've ever seen. In other wo
é¢na.  AncG that meaas that 18s 1:i7¢
hot, and so on. Now if we let the i
we use that, tnat rear end wouid be
actuaily getting a flyaosle aacnine w
that drove us to high ComOJStLO“ :
rimes as high as pressures in nls
rocket engine. Some of the vita
I tnink you've seen most of L“c=e
suce, and that's at the 100 percenc.
tne L09. It has the higaest speciiic
to date -- tne pest we <&id before was 4
and that's very important in a machine thrat ha
1iquid stage. A lot of pecple refer to the Sauctl
and a half. Now when you nave your main liquid st
way from launch to orbit, it's very important to n
specific impulse. The life has been and will pr
to be a problem. Wwe have developed the 100 pe
a point where we think its 1ife is cetween 1
seconds before it will start gc;tlﬁb si r:f
lems. We have to go furtue[ i we want to
seconds if we can. Next slicde Diease.
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Now one of the things that we did on this engine, .oon ©o
save weighct and to get the high specific impulse, we used what we
cali a stage combustion or a closed cycle operaticn. And let me .
just say in very simple terms what that means. We have a hydro-
gen pump that takes the hydrogen from the tank and pressurizes it
to feed into the combustion chamber and we have an oxygen pump
that does that. Now previously most rocket engines had a, had
another combustion chamber which was burning some of the propel-
lants to drive turhines to feed the combustion chamber and they
dumped exhaust overboard. The exhaust from that turbine. Here
we actually put our combustion chambers as part of the engine.

We burn a pre-burner here on the hydrogen pump and a pre-burner
on the oxygen pump which are controlled separately to vary mix-
ture ratio and thrust. We then take the exhaust gases from this
pre-burner and feed them into the main burner and we burn it all.
Everything that comes out of the engine comes out as thrust and
that makes a significant improvement in specific impulse; it also
makes the engine a compact, light system. You don't have long
piumbing runs and so on. We operate internally in this engine up
to 7,800 pounds per square inch, and that's a pretty high pres-
syre. The temperatures generally are another source of problem
-- we're for operating at higher temperatures than most people
did in the past, considerably higher than say airplane gas tur-
cines. Here's your turbine section, it's driven by the fire in
cne combustion chamber here. We run in this turbine about 17, 16
or 17 hundred degrees Rankine and this turbine, we're about 1,500
degrees Rankine. Now the materials to take that are in good
strengch, are not too plentiful. We've had problems with our .
turbine blades. Because they are such a tough environment to
see, our turbine blade life is around 5,000 seconds but we
.nspect for each run, each flight and replace the blades at any
sign of a crack. So that problem's under control; it's one we'd
like to improve. Next chart please.

Trne main combustion chamber took some techrological innova-
tion too. We have a higher heat flux by a factor of 5 to 1§ than
aost low-pressure engines and this required a unique cooling sys-
tem which we evolved by getting a good conductivity by electro-
p.atiag. The last operation made up the tubes which are actually
machined in the wall of the chamber. The chamber is not high Z
and cthen we electroplate to close that out and that gives good
cooling ancd good strength to it. And we've had quite a good deal
of success with that. Next slide please.

Tre high chamber pressure I mentioned earlier that we
operate at three tc four times that of any other engine and that
does provide for good ISP too, and does, of course, require high-
temperature materials -- we have pressures as high as 7,500.
This is kind of interesting, the horsepower we developed in
developing one of these pumps -- that's fuel turbopump whichn is
the highest powered one -- is about 62,000 horsepower and weighs -~
700 pounds and that's a density of 88 horsepower per pound which
is pretty fantastic. Gene Covert, who's a professor at MIT, has
heen working with us on this engine for a few years. He likes to
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call this three 707s in a garbage can or something like that
because it is about the size of a garbage can. As you can see,
this pump is very dense -- it's got three stages of the pump and
two turbine stages. This is where your combustor is on a pre-
burner comes through the turbine nozzles, drives the turbine and
exhausts out of the turbine and into the main combustion cham-
ber. The high speed pumps have been a problem in development of
both the hydrogen pump and the LOX pump. We have configurations
now with all of our fixes that look like they're good and durable
and certifiable for 100 percent. We have run our present engine
at 109 percent about 1,000 seconds. We have one engine at that
and we found no problem, but we know the fatigue life of the
parts is going to be a problem sooner or later at those higher
stresses. Next chart please.

Finally, on the engine, this is the first rocket engine that
has even been computer controlled. People were somewhat dubious
about this in the past, you know when we started, but this has
really turned out to be a real plus. It gives us flexibility in
changing mixture control, changing start sequences and changing
stop sequences, and it's really been a valuable development tool
much less it's going to pay off for us in the operations.
There's nothing fundamentally new or technologically innovative
in terms of the hardware, but the use of the hardware in a
closed-loop engine cycle like this is a new phenomena. Next
slide please.

Avionics -- we could spend hours on this ~- but let me just
pause a minute on it. You're going to get a fairly good dose of
this down at Johnson in two weeks so I won't dwell on it. Basic-
ally we started out with an all fly-by-wire digital system, which
at the time the cornerstone was laid back in early '72, this was
the only vehicle committed to that. Now since that time, air-
planes have begun picking it up but they don't depend on it as
much as we do. We don't have any control cables or control rods,
drive valves, we're entirely dependent on electronics. We have
four what you might call separate electronic systems driven hy
four computers and most of the end effectors and the data
sources, the sensors, are also quad-redundant. This presented us
with gquite a capability and makes a very safe system but it does
make it very complex in terms of developing redundancy management
technigques. So that has been a problem although our software has
come along quite well. We're fairly comfortable that we've found
the bugs in the software and the machine. This just shows some
of the avionics systems, but when you get right down to it, you
can't really even lower the landing gear without the computer.
Next slide please.

The External Tank doesn't have any real advanced technology
in it., I think i%'s the biggest single-stage fuel tank ever
built, so in that sense it's got some new problems. 1It's not the
biggest diameter ever built, The Saturn first and second stages
were a few feet bigger in diameter. I didn't want to leave it
out because it iz a difficult task to design and develop a light-
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weight, cheap, external tank., 1It's not as cheap as we would like
it to be. We have to put a lot more hand insuletion work on it
than we intended and we're working ways and scrzmes of eliminat-
ing that in the future. Next slide please.

The solid rocket booster is also unusual in some senses.
Its primary requirement that's different is reusahility. We want
to reuse all the hardware quite a bit, somewhere between 20 and
40 times for most of the hardware. Parachutes, we'll probably
get about 10 uses out of that. These are the largest operational
parachutes ever used. Plopping this big thing down into the
water and not bending it, and getting it out and reusing the
equipment represents quite a challenge. It was designed for all
thar. We hawe yet to see how successful we're going 2o be. «we
plan to take the first two boosters that come back apart and make
sure that water didn't get in where it shouldn't and things like
this, so that in future reuses we can just turn around without
disassembling the whole thing. This as a rocket, of course, has
a requirement that is more stringent than any other solid motor
and that is, it's got to work 100 percent of the time. There is
no forgiving failure mode in a solid motor that has to work all
the time. If its case burns through you lose control and so
forth. So it's been designed to have much bigger safety factors
and insulation thicknesses, nozzle walls, that sort of thing,
than previous solid rockets. And in our test program we fired
four development and three qualification motors, all seven 100
percent successful. Next slide please.

Finally, the launch processing, checkout and control system .
that we have operating at the Cape is another innovation. 1It's
the next generation of automated checkout equipment. 1It's con-
trols just about everything at the Cape including the valve posi-
tions inside the orbiter and inside the tank farms. It takes all
the data , crunches it up and displays it on colored tubes to the
operators and so on. There are a couple of advances in the state-
of-the-art made here even though the actual hardware is shelf-
type equipment: the networking of the many computers and real
time command and control by using the common data source is new
and this is a large system. And of course utilization of the
automated checkout and process control language to program the
system is another first. We don't have programmers programming
the computers; we're actually using the language called "goal”,
where the engineers can more or less write out their instructions
such as the closed-valve 15 and that's the programming. On the
right you see a picture of one of firing rooms with the LPS
equipment. It turns out that these are the same consoles that
were used in the firing rooms for Apollo except they turned them
upside down and rebuilt them for LPS.

That's all I have this morning so I guess I'll turn it back
to Bill. —

MR. O'DONNELL: Okay, while they're getting the stage ready
here for the Q and A, 1'd like to remind you again to please fill
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out or self-address an envelope at the back so we can get the
transcripts to you. This also gives us a list of names so we can
keep in touch with the people who are at these various briefings,.
That goes also for people out at the centers -- if they will let
us know i{f they want a transcript, we'll get it to them. Now for
the questions, if you would please wait for the microphone before
you start asking your question and for the purposes of the
transcript we'd appreciate it if you would identify yourselves.
Okay. Craig.

MR. COVAULT: Craig Covault, Aviation Week. John, could you
give a short status vis-a-vis the status of a about month ago and
a second more detailed response to the situation in the OMS pods
now vis-a-vis status and SSME from the standpoint of any open
items on problems?

MR. YARDLEY: Basically, status of the overall work involved
in getting to STS-1, we set the schedule about five or six weeks
ago, and while new things have come up, they're all things that
are within the envelope of the schedule we've got and all the
milestones we had set for us, for ourselves, in that six weeks
have been done. No problem has come up that we would be con-
cerned about bumping that schedule. As far as the OMS is con-
cerned, the OMS pods, we actually got them off the vehicle over a
week early. They are in work now in the hypergolic facility. All
the parts necessary are there and there doesn't seem to be any
problem with respect to getting it fixed and back on the bird on
schedule. Now there's always a threat because the fixes we're
putting in we're also putting into a test article at Johnson,
which will have to be run through the vibro-acoustic again. So
if that shows some of our fixes are inadequate, then that could
be a schedule problem. On the engine, we've begun engine testing
again., We're testing on all three stands again. We completed the
third certification cycle on 0009 last week. It is currently
being fitted with the changes for the burn through we had and
will be ready to run tomorrow (Sept. l1) on the first run of the
fourth cert cycle which will be run at 102 percent instead of 100
percent; 2008, which is our first full-power level, 109-percent
engine designed with all the newer stuff in it, we have on a test
stand at NSTL and we made its first run yesterday, which is
normally a one-and-a-half-second run to check out how goes it and
it'll have a second acceptance run tomorrow or the next day.
Triple-07 out at Santa Susana is the engine that we're doing the
development test work on to make sure that our fixes will work.
And we ran a very significant test yesterday, last night late.

We put the fixes in for the burn through and then we purposely
damaged two of the injector posts in a way that would cause a
burn through and we actually cut a hole through one, through the
liner of one of these posts. Our cbjective was to make sure that
we could survive another failure like we had in 6 and we have to
create the failure because it only happens about every 300 runs.
Results I have zc|this instant of time, all the temperatures
inside the engine\and the case all remained normal. So it looks
like our fix was vorking -- that is if our damaging the injector
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post actually caused the same problem. We have to look inside to
make sure that the problem was really there. Sc that's a quick
answer,

MR. COVAULT: What new stuff in the last month was there?

MR. YARDLEY: Well, the only new stuff, Craig, were the guys
reappraising other parts of the vehicle for liftoff loads. Now
the OMS pod fixes were as a result of the vibro-acoustic tests
which showed that the analysis of getting from the outside
environment to the inside accelerations was inherent. And they
have used about 12 modes for these analyses and they went and
used 50 modes and they came up with a pretty good correlation.

So they're going back and look at other pieces. And right now,
there's a possibility, they're concerned let's say, about a
couple of fittings in the forward RCS radiator fitting, those are
the only two I can recall right now. But when we first hit some-
thing like that we start working a fix and we get the parts ready
to go in before we're sure its a problem. So those problems are
such that they won't bump the schedule either.

MR. O'DONNELL: Albert.

MR. SEHLSTEDT: Albert Sehlstedt, Baltimore Sun. Mr.
Yardley, you mentioned two types of tiles. 1 wondered if you
could say what the thickness is of each type of tile and also
approximate how much of the exterior is covered with tile?

MR. YARDLEY: Okay, there's really basically white tile and
there's black tile and the white tile, they're both the same
material with different coatings. The white tiles range up to
about one inch from say a half inch to one inch. The black tiles
generally are above one inch and go up as high as three and a
half inches thick. Now there's a special kind of black tile that
is a heavier material, it's a denser material of the same base
material., 1It's 22 pounds per cubic foot instead of 9. We use
that in areas where it needs high strength or it's got a little
higher temperature and I don't have a precise figure, but I think
about 75 percent of the Orbiter's got tile on it.

MR. O'DONNELL: Okay, Dave.

MR, DOOLING: Dave Dooling, Huntsville Times. John, could
you go over briefly again the problems of the software. From
some of things I've heard, it was really a tough nut to crack for
a few months there, the flight software.

MR. YARDLEY: The biggest concern with the software, I'd say
in the spring, was in the descent flight control part of it. We
were testing the basic software and we were able to find some
conditions that you could get out of control. They were extreme
worst on worst cases with broad tolerances away from our wind
tunnel tests and things like this. So the guys went back and
invented some new filters and put that in and that software has
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been working very well and we don't think that's a problem
anymore.

DR. FROSCH: I think the comment should be made that that's
not really a software problem in the sense that, can you program
together to do the right algorhythm. The problem was whether in
fact we had the right flight control equations, whether the
behavior of the vehicle as modeled was what the behavior of the
real vehicle would be and there were some places where the worry
was that we might be too close to the stability boundaries and
one had to correct the equations so they'd be a little more
modern.

MR. YARDLEY: 1I'd like to make another comment relative to
that. The software will be a long pole in the tent no matter
when you fly because, not because the software's later in but
because it's so much more flexible to make changes in the soft-
ware than it is in the hardware. We've got a couple of problems
we're solving right now and between hardware and software, so
they have to go back and redo the software. So it's always been
that way, and it will always continue to be that way. 1It's not
that there's any basic problem with the software, it's just a
tool to solve other problems.

MR. SCHEFTER: Jim Schefter, Popular Science. John, what
are the key things that you're going to be looking at over the
next couple of months that could impact the launch schedule in
March?

MR. YARDLEY: Well, of course, the engine testing. If two
months from now we find an engine problem that takes some time to
solve and have to start another certification cycle, you see
right now our cert cycle will be complete by the end of December.
That still gives us a three-month cushion. If I ran into an
engine that had to repeat a cert cycle over a three-month period,
I could be in trouble. There are certain tile certification
qualification tests planned for the December-January time period,
I have a lot of confidence we'll pass: those tests, but if we had
a problem there, that could bump the schedule. The OMS pod, for
example -- if these later tests show that some of our fixes are
i nadequate, that could be a problem.

MR. O'DONNELL: Back there, Bob Asman.

MR. ASMAN: Bob Asman, with NBC. Dr. Frosch, could you
discuss the integration of the prime crew with this early flight
testing or the early testing? 1In other words, how much has the
prime crew been involved in some of the software development?

DR. FROSCH: Well, I gquess Bob Crippen is regarded as the
software experrc of the astronaut corps and one of the software
experts on the whole subject. He has been involved in the logic
and some of the software development and is, I think it's fair to
say, used as an engineering consultant in the whole software
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problem. Of the two prime crew members, John Youaus and Bob
Crippen, he's the =xpert on the software. 1It's generally the
practice that members of the astronaut corps wori as engineering
or technical specialists during the development and that's true
of essentially all the members of the corps. It is the case that
Bob is the one who specialized in the system software.

MR. O'DONNELL: Down here, Lazlo.

MR. DOSA: Dosa, Voice of America. Do you have any
tentative timeline for the first flight?

MR. YARDLEY: Oh yes, we have fairly detailed timelines
which we can get for you. Basically, as I recall, it's a 54-hour
flight and it's basically an engineering test flight where we're
going to test out the systems and we'll be going through a re-
entry rehearsal a day ahead of time and be prepared, if some-
thing's wrong to come in at that time and things like this.
There's no scientific activity that I'm aware of.

MR. O'DONNELL: Al Rossiter,

MR. ROSSITER: Al Rossiter, UPI here. John, what is the
plan now for ejection seat removal. I noticed in Dr. Frosch's
chart that it was scheduled for '83 and I thought the original
plan was to remove the seats after the first four flights.

MR. YARDLEY: Howard, right now, our plans are being made
such that we can remove them any time after the fourth flight up
to the ninth, It just is a flexibility to see where we are. 1In
other words we want to be able to have all the hardware and
everything, but depending on what's going on, you know that's a
fairly, let's say an extra few months layout, we may elect to not
do that since we don't have any more than two-man flights up
until the first Spacelab, and make some of those flights to make
Stan Weiss' customers satisfied.

DR. FROSCH: 1It's not really a matter of the ejection seat
use but simply not necessarily wanting to interrupt the flight
schedule in order to take out those seats before we actually have
to because we need the weight-carrying capacity.

Q: You would expand the crew size sooner?

MR. YARDLEY: We haven't really crossed that bridge but
that's been our basic thinking. You wouldn't want to fly -- |t
would be poor taste to fly two in ejection seats and two not.
(Laughter). There's another practical consideration, that is,
you don't have room in that upper deck with those big seat
structures to really operate effectively with more than two
people.

MR. O'DONNELL: Seth Payne, back here.
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MR. PAYNE: Seth Payne, Business Week. On one of the slides
that you had, Dr. Yardley, you showed the tiles, and there was a
little thing that said thinner on the lee side. What would be the
lee side of a reentry vehicle?

MR. YARDLEY: That's a, I guess that's a term borrowed from
the sallors.....

MR. PAYNE: 1It'd have to be down wind.....

MR. YARDLEY: One is windward and one is leeward....just
like sailing....

MR. PAYNE: You're coming in at the....

MR. YARDLEY: 1I'm coming in at a 40-degree angle of attack
so the wind is on the bottom and the top is the lee.

MR. PAYNE: And even at that speed you do have an identi-
fiable lee side.

MR. YARDLEY: Yes sir.

MR. PAYNE: So does that mean also that you must, you have a
kind of a rigid reentry pattern?

MR. YARDLEY: Well, it depends on how you define it. 1It's
rigid in the sense that we want the angle of attacks maintained.
It's flexible in the sense we have plenty of control to make sure
we come down at the right spot and, of course, in future flights,

not on STS-1, we'll actually have control to go crossrange up to
1,100 miles.

MR. PAYNE: Quickly, could you tell us what progress you're
making in finding a new type of thermal protection system?

MR. YARDLEY: Well, we have identified some improved tile
materials that we're in development on now. For example, I
mention the LI 2200 material, that's heavy. We've got another
material that's equally as strong and about half as heavy, that
we hope to qualify and begin using. We have not really found a
good substitute yet for the lighter weight tiles. We still have
some development going on that. Basically, these developments
are in the direction of making the tile a lot stronger without
adding any weight and without hurting its thermal performance.

So we're moving along that path. We're also studying other tile
systems that would be farther downstream. There is some concern,
that's been erpressed by outside people that have looked at the
system, that maybe the type of felt we have under the tile may
get loose and slicppy after 30 to 40 flights, and we'd have to
replace them. #e’d like to be in a position, if that happens, to

replace it wit~ something better. So we're working on a large
variety of fronts.
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MR. PAYNE: Are you working on an improves :ile? In other
words are you sticking with tile as the basic....

MR. YARDLEY: No, we had a study going down at Langley on

metallics, metallic heat protection, more extensire use of carbon
carbon and so on.

MR. O'DONNELL: Howard Benedict, back here.

MR. BENEDICT: Howard Benedict, AP. If everything goes
according to schedule, what are your dates now for, say rollout,
the movement to the pad, the FRF and for the actual launch time?

DR. PROSCH: Okay, rollout is before the 23rd of November.
Launch is before the end of March and I guess at the moment there
is talk of a possible date at the middle of March, FRF I don't...

MR. YARDLEY: FRF is currently shown as 7 February.
MR. O'DONNELL: Everly.

MS. DRISCOLL: Everly Driscoll, ICA. John, I got lost
somewhere in your technical jargon, after the pre-burner.

MR. YARDLEY: After the pre-burner?

MS. DRISCOLL: After the pre-burner. 1 guess, an answer, a
simple answer to the question would be are we going to have a
more detailed less technical explanation of how the engine works
and all this at some date down the line?

MR. YARDLEY: Down at Marshall, I would expect .... It won't
be less detailed, it'll be more detailed.

MS. DRISCOLL: 1I'm sorry, I meant more detailed, less
technical, in terms of jargon...

DR. FROSCH: We may have to strain it a bit.
MR. YARDLEY: I don't think we can get both.

MS. DRISCOLL: That's okay. So then, the short answer --
how would you simply compare this engine to say, a Jet engine?
Besides the fact that you use the exhaust, is that correct?

MR, YARDLEY: Well, a jet engine, it's harder to compare.
They're both turbines, they both burn, but one has a compressor
for fusing air. We have to pump oxygen and the jets operate at
much lower pressures and temperatures and they're much bigger.

You really have to compare it with rocket engines, previous
rocket engines.

MR. O'DONNELL: Okay, I'll take one more question here then
we'll go to the centers. Don?
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MR. KIRKMAN: (Don Kirkman, Scripps-Howard) John, going
back to the TprS, there was some talk earlier that you might have
a new kind of TPS on the fourth orbiter -~ it was a possibility.
My question is, are you committed to the current system you've
got for all the four spacecraft you're building now, or what?

MR. YARDLEY: No, you're not committed. Right now we're
working on improvements and when we get the improvements and
we're confident of them, we'll program it in wherever we happen
to be. Right now on our second orbital orbiter, 099, we're going
to start putting TPS on this October and we're not ready to do
anything new yet on that. We have hopes that we'll have this LI
2200 ready to catch about the last half of those tiles and save
ourselves about 5 or 6 hundred pounds. But we're not commited
and we'll commit as time goes on. If we get something in time,
we'll do it.

MR. O'DONNELL: Okay, do we have any questions at Kennedy?

MR. HARRIS: (Hugh Haris, KSC) Yes, this is Kennedy, and we
have a number of questions. The first is from Dave Bailey of the
Today Newspaper who asks: "The recent magazine articles reported
that NASA said that the Shuttle turnaround, instead of taking two
weeks as originally predicted, will take more than 200 days.

What is NASA's current prediction of the turnaround time of the
operational phase?"

DR. FROSCH: 1t depends on when. Clearly we're going to

start out with much less turnaround capability than we will even-
tually learn to have and the turnaround time that's scheduled
between the first flight and the second flight is like five or
six months. We're aiming at getting down to a couple of weeks.
I don't think anybody has an expectation that we will be able to
do that in less than several years. It's a learning process. I
don't know where the 200 days came from. That's a new number to
me even in everybody's most pessimistic imagination.

MR. YARDLEY: I think I might be able to shed some light on
that. There is an active analytical effort going on all the time
that started out as 160-hour turnaround. It is now at 280 hours,
just from the evolution of the thing. It appears this author got
the 280 hours confused with 280 days. Actually the manifesting
that's being done out three or four years is assuming five weeks,
which is a lot more hours than either 280 or....

MR. O'DONNELL: Okay Cape, got some more?

MR. SHOTKNECHT: This is Ken Shotknecht from WFTV in Orlando,
Florida. Regarding targeting a launch date, first we heard late
March of 1981 ané then March 10 and late March again, so the
question woulc¢ be, why bother jockeying around just a matter of
days when the Columbia itself could be sitting on the pad a
couple of extra months for final checkout?

-more-
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DR. FROSCH: Essentially because we have to -ave a continu-
ing working schedule in order to do the detailed :«lanning so that
we work in terms of how that schedule is affected by the various
events that take place, and since we have an answer to the ques-
tion, we answer the question, which may be confusing but it is in
fact the answer in terms of what we're doing entirely.

MR. O'DONNELL: Anymore from the Cape?

MR. HARRIS: Gordon Harris, Reuters. Does NASA plan to turn

the Shuttle over to a commercial operations manager at some
point?

DR. FROSCH: Well, I think turn is much too strong a word.
We have looked a little bit at the question of how commercial
operations might be done eventually and there have been one or
two -- I was going to say vague proposals, but they were too
vague to be considered proposals. As to what might happen down
the line, I think that's something to be considered as we under-
stand how the system operates and whether we see whether there is
anybody who wants to do that and then there's the open question
of how we would mix that kind of a commercial or semi-commercial
operation with the national security aspects of the operation.
So there are a number things that have to be considered before we
take such a step. I don't think that's a subject for very serious
consideration for several years and I think I said once before
that anybody that came in and proposed at this stage to take over
a commercial operation before we have an experimental flight,
would be somebody I would be very suspicious of. 1It's sort of
like Groucho Marx's comment that he didn't think he wanted to be
a member of any club that would have him. (Laughter)

KSC: A final question from Peter Larson of Sentinel-Star,
and that is what is LI-2200 and how much money is being spent on
alternative thermal protection systems?

MR. YARDLEY: Well, the LI, I'm sure, stands for Lockheed
Insulation. The 2200 stands for 22 pounds per cubic foot. That's
just a numbering system that Lockheed invented. We have a mil-
lion dollars planned for looking at alternative tiles in terms of
metal, carbon carbon, applications and so on, that the Langley
Research Center is managing independently of the ongoing tile
development efforts in the actual project and we've programmed
something on the order of $20,000,000 over the next several years
to try to develop better tile.

MR. O'DONNELL: Okay, do we have any questions at Marshall?
MARSHALL: Marshall, we have no questions.
MR. O'DONNELL: How about Houston?

MR, MALONEY: (Jim Maloney, Houston Post) This rollout date
of before November 23rd from the OPF -- is that just a matter of

-more-




a few days or do you have a definite date?

DR. FROSCH: I don't think we have specific earlier date at
this point, -

MR. MALONEY: The last time we mat on August 1, Dr. PFrosch,
you vere asked about the eost overrun, what the amount was, and
you replied that you had bean too buqz_.uith technigal questions
to concern yourself about that. Could you tell us toflay what the
cost overruns are on the ghuttle? ' ’

DR. FROSCH: Cost overrun for vhat as measured against what.
The baseline number that weé have used has been the cost of devel-
opment in '72 dollars and in that computation, the bageline num-~
ber was about 5.15 billion ‘and the last number I recall in '72
dollars was about 6.3 or 6.4 billion. And that you will have to
recalibrate to later inflated @ollars. 1 always do it wrong.

MR. O'DOWNELL: That voice must have been Jim Malomey of the
Houston Post. Am I right? '

MR. MALONEY: Yes, Bill.

MR. O'DONNELL: Any more questions from Houston?
ROUSTON: That's it Bill,

MR. O'DONNELL: BHow about Dryden?

DRYDEN: Dryden has o Qquestions.

MR. O'DONMNELL: Okay, we'll return here to HemiGuarters and
vrap up a few questions. Right here, Althes.

MR. FAUQUEBAUX: Didier Paugqueaux, Mgence Prance Presse. A
question to Dr. PFrosch. "THere are reports saying that the
Pentagon is unhappy about RASA management about the Shuttle
program and should be in odntrol of the program because of
aon:'l‘::;ing military and c¢ivilian interests. Could you comment
on ’ '

DR. FROSCH: Yes, well I'll start my comment by making a
comment based on my own experience of having worked in the Penta-
gon for nine and a half pelirs. The Pentagon is a building with
25,000 people in it. It hss nearly that-asny opinions on any
given subject. 80 you have to say who. I think there are cer-
tainly poo?h in the Defense system who feel that frem the very
beginning 1t should hawe bgen done as a military system. I don't
think the sort >f formal senior management feels that particu-
larly. I think we have a goad operating interface. It is char-
acteristic of aiiitary tens and security systems that the
people responsisie for feel that they would like to be in
charge of the systems that they use. I think that that's kind of
a reasonable point of view from their position of responsibility.
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A definite decision was made and has been remade with the agree-
ment and cooperation of the senior managers in the Defense
Department that this will be managed ae a national system -- that
NASA will be the deweloper and operator of the system and that we
will cooperate in using it. 1It's important to know that in the
use and in the particular Defense Department flights that the
Defense Department will be controlling the flight and the system.

MR. O'DONRELL: Aay-othet questions here? David?

MR. DODLING: Back on the managing for a moment, John. when
4o you expect the main prapulsion tests to resume, how many more
do you have in the series, when do you expect them to conclude
and how much padding to you have betwesan that and first launch?

¥R. TARDLEY: Oap Nowvember is our schedule for the next NPT.
Then wa'll schedule one for 1 December. If both of those go
letter perfect, we may quit there. We have another scheduled on
December 31st or Jamuary lst, which is a contingency backup.
Let's say we have to make all three; I still have got three
months cushion.

MR. O'DONNELL: Okay, third row there.

MS. JARS: Cynthia Jabs, PFPairchild Publications., I wonder
if you could say vhat {mmovations of the process of the Shuttle
development you would call the most revolutionary? I don't think
we have anything quite like rubber here, but what -- and you also
said it's important to look at it as a systes innovation -- but

vhat are some of the innovations bhere that you expect are likely
to be most aseful?

DR. FROSCH: Let ma try it, John. You may want to add some.
I think that the tile material itself will turn out to be of more
general use than just the use we're making of it because they're
rather extraordinary insulating material. I don't see it going
into houses very soon at the price, of course, but for industrial
purposes, it may begin to have some uses. I think the total con-
trol of the engines and the entire flight system as a computer-
controlled fiy-by-wire system is certeinly a major {nnovation or
at least a demonstration of an importamt innovation. In rocket
engine terss, the eagines themselves and the way in which they
have bsen compressed, in doth size and weight, is clearly a major
innovation dut whether titat flows ower into other things isn't
clear, although it will probably have some effect on turbine
engines, Generally, and certainly, the computer control tech-
nigues that have been Sewveloped for this engine are going to be
useful in general eungine operation. There are undoubtedly some
structural things, although as John said, that is principally a
conventional structure. I don't knew, what you would add...

MR. YARDLEY: The structural composites certainly add to the

storehouse of knowledge. There are other airplane programs about
in the same stage as we are -- they haven't built quite as big
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MR. O'DONNELL: Qucaﬁ!ona? Bick hitc. Mark Kramer.

MR. KRAMER: Mark Kramer, CBS. Dr. Prosch, in your vugraph
dealing with launch cost comparisons, I just want to make sure I
understand the numbers here. Does this assume a sharted payload
b.’ ‘ndo-o- :

DR. FROSCH: This assumes a shared payload bay and, in fact,
that's why there's a difference between vertical and inclined
because that's the charge based on the fraction of payload bay
that's being used. The assumption is the rest of the payload bay
will be used b somebody else, but the charge to this user doesn't
depend on that.

MR. KRAMER: And what is the present estimate for the total
cost of dedicated flight?

DR. FROSCH: Total cost of a dedicated, again I'll calibrate
it by dollars of a particular year, at '75 dollars, the estimate
is about $22 million.

MR. KRAMER: And that's what this estimate is, '75 dollars,
the one on the vugraph? ' ’

‘MR. YARDLEY: That one's 78.

DR. FROSCH: This one's '78 dollars.

MR. KRAMER: Okay. ‘

DR. FPROSCH: 8So, there's some translation....

MR. YARDLEY: Probably 27 or 28 million....

DR. FROSCH: Probably 27 or 28 in '78.

MR. KRAMER: Okay. A final question. We heard figures for
a number of flights that you can expect the engines to last and
the TPS. What is the number of flights you expect the main air
frame, the entire structure, to be reusable?

DR. FROSCH: We've assumed 100 flights.

MR. KRAMER: Thank you.

MR. O'DONKELL: Okay, Ken Silverstone here.

MR. SILVERSTONE: Ken Silverstone, Defense Daily. Dr.
Yardley, could you go over again the reusability estimates on the

tile itself on the Orbiter 101? You talked about the carbon
carbon 40 or 57, but how about the tiles themselves?

-more~
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MR, -’ LE¥: Well the tiles(themselves have been run

through - ¥00: f1ight heating profiles without any damage. Now what ‘
I referrad. ¢o in the tiles that we're not sure of yet and we

haven't fimished all the testing, 'is whether or not they can go
through : the wi tions and so on and that the felt will not get

too loose; so that we'll have to replace the felt. That's an

open question apd some of the tests that ve're planning in

December and Jaguary are goiag to put some light on it. There's

not much yorry about them for a dosen flights, say, but we do

have to 4o some more testing to knov how long they're going to

last.

MR. OSDOWMELL: 4&&. Well, thank you very much and please
~don't forget to nlgt-ul&:m an envelope back there.

-end-
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